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(54) LIQUID CRYSTAL DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the contrast and response 
speed of the screen of the display device which uses a spontaneously 
polarizing liquid crystal, to obtain a display which is high in contrast and 
fast in response speed, and to obtain a display which requires low 
electric power and has superior uniformity and good picture quality. 
SOLUTION: This liquid crystal display device is constituted by 
sandwiching liquid crystal 1 7 having spontaneous polarizability which is 
characteristic or induced by the application of an electric field between 
pixel electrodes 1 1 which are arranged in matrix and a common 
electrode 16 so that a display signal is applied to the pixel electrodes 
through a switching element 5. In this case, an expression Ps x A<5 x 
(CsCLC) x E is satisfied, where CLC(F) is the electrostatic capacity per 
pixel, Ps(C/m2) the spontaneous polarization per unit area of liquid 
crystal, E(V) a voltage applied between a pixel electrode and the 
common electrode, A(m2) the area of the pixel electrode of one pixel, 
and Cs(F) the auxiliary capacity of one pixel. 
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97-f — 



[0 0 6 0] rcO^*iis *VT-fy^M4rfflV^T 

f t - t N^^ro»&ft**l6Bic*3v vr htiZtK 

[00 6 1] *»W#e>»±, £05J:5fc&*ft»+WEi: 
[00 6 2] ® 3 3 tt, II»i?rtt5« a a ^ffl^t 

mim&m-i-y^T'X'&z, 

P s XAS5 X (C s +C LC ) 

[00 6 8] iS*£2ffi*ro$foS**g£gW:, W*« 1 

Ih5V^ (TFT) r-foSri?r#mt-r<5 0 
[0 0 6 9] M*iI3|2^c7)^ B a s ^^g(± N ft*Jg2 
(P s XA+ (C s +Cix:) XE) 
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[0 0 6 3] <fc?l^ ^?#&tt^BEV 

[0064] r tfefceO^f 1 >f * ^iSSt^ 

[006 5] $gm\-i* HfrfEU7h#< ^F B m6*5<fctre 

[0 0 6 6] £P>(d. ffttn®Eeoffi^«O^V>t^t "9^C 
[0 0 6 7] 

ffiz-tcwukm^mmizjo^^x^ mm^mimm^ 
HMftawafct>oa*^«s:P s (c/m 2 j , mnaiii 

(V) , -iB^Wiii^^ffiroffi^SrA (m 2 ) , — BB 
40 *^ro«ib**SrC s (F) tUtf, mib^ J5c 



XE (1) 

son (s) . m&v— h^m*mizixx^z>mmz.ffi 

I on (A) tLfct#, ft* 

/ (2XT Bon ) S I on (2) 

50 [0070] 4 Cttoff M^KBO. 



• 15 , 

mutt 5 zt\z£<9ffi&£i%z& &&mzji-rzwi£km 
mrno ±{z.mm £ ntc% 2 <omm t zmttwiikm^m 

co#m«*5rC L c (F) , mStt&<oWStfift£1t*)<D 

ES?V sat 
flvo F g 1 
ri&^HSi-r-So fiU F = P S xax 
exp (- (T son X log e 10/t))/((C,+C 
lc) X (E-V 

sat 

[0072] »*«6ie«^ B e B **^ei*> »*«4 

lh7^? (TFT) f&Sri^ttS, 

Fg 1/2 

[0074] mxmsmifccomg&mTFgiWi-i. is*«6 

F^2/3 

[0 0 7 5] li*«9|E«<7>^ B B B |g^:^f±. f§#«6 
IE«co^ B B B *^^g{c*5V>T, WS^^ v^ifm^- 

F^ 1/3 

[ 0 0 7 6 ] BtilE Lfcit ( 1 ) itmtct <fc 5 tC*ib^fi 30 
C s Sr±#<-T^i:, ^-KiSK^FfflT gon «ft 

tact 9. ffi^te$:7^&mtizki£ft5zmmm 
imKmz 7 u-j>vm ±otfit >Ji«-efT 5 JUffiiEcfc 

|p]^«&firf-S*-ec07V— A^i^5coT\ teT^JSa^r 

[0 0 7 7] »gfC s £r*#<-r$£, ±IE 

Lfc «fc 5 (^ B B B roia?iJ|c i5 = >F7XF £5fcS-T -5 " 
£tfST#3#. ^j/^^Sf^-CfeSTFTiSSjitf 
^gfijS^CI < 4*fc«>» y- hS«I^T gon 

£Ei«8inU 3yh7^hA5ftTtS, Lt>U TFT 
toy— * • KV'fyiSPslfctfiSiiroWi 
on*:. ^ (2) *«t-*-i5mW:j&«x«r, 

T#-5o 50 
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B*#tf«rP. (C/m 2 ) » mllEili*m@tif)fE*ii 

m^i:cora«-iP^.^nami±^E (v) , — m^frtom 
mmm<DMm*A (m 2 ) , -H*a-<&*ts&&*«:c s 

mmmmbntm#i3im.m<nmicn!±E (v) &eiwnLfc 

^•(Oi^ B B B iryK7?^^^T (s) , m$8t7Fm=f-<» 
JSfWffiESrV,.* (V) £L)t£#. 

(3 ') 

(3) 

[0071] m^5sdM(om^0:^mm-i. at** 4 

IBicCOjK^^B^^o^T, P!=5X10- 6 (C/ 
m 2 ) £ Ufc£3\ £bicik£: 

(4) 

[0 0 7 3] »*«7|Ett<0^ B ^^gii, f§*«6 

*K ^m&irr&wathji'i?** (tf 

T) -CfcO, 2fc& 

(5) 

iK KAHis!) ^m^-t&WgkVy^^? (TF 
t) X'hv. jfeS; 

(6) 

#t*K'>y 3yl«rtt«»«h7>^^ (TF 

T) 

(7) 

[0 0 7 8] ££>{c|i % rK»«t5*^ B %*^SBtc:, ft 

y 1 7 u— hx^m:Wk<r>^rfy u—J* 

[007 9] M B B B cOf&S:^ra r lc«*. 1 0ms 

[0080] t LC t i P,i roMfctt, ^ B B B ^*A 

[0 08 1] T LC =r J /P s ij<75ffl[H, 5X10- 8 ~5 

x i o- 7 c -s /m 2 t&5rt*#v\ reo<t5^ 

altmiCJtbT, tlc^I 0ms (1 X 1 0- 2 s ) £TF-e 
foSfcfefctt, P s li5X 1 0- 6 C/m 2 (0. 5nC 
/cm 2 ) J^±T-$>Sri7jSM4b<, St (4) tSf&t) 
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(C s +C LC ) XE/5^P s XA 

s 0>*#£&/h£< far M*^SC S cd 

'h£vvg;^£ST-ii, T FTriS#iMi-<#^g;avh£ < 

[0 0 8 3] £fc£lbK, ^yfV^T'MTF 
T{C#SJR^^C^V >fcit>fcUi, T F T 0>£-fW35lMJ^ 
wl^n®I&— £^TK«i;U y— ^ • KW>W- 10 

[0 0 8 4] ^\^MWWi>3 urn , ^^k^Ltf* 1 
0 jum T\ igf«lS*S*i«t* 1 0 0cm 2 / (V • s) 

®R«&gr$£i, y— ^ • KW^Wt::* 

ix-5«sE{iEI±, 3xio- 4 A,t()^^< -f S^^fe 

i8S*«t*0. 6cm 2 / (V- s) (0# B s B KJ/y 
^■y^Jlt-rSTFTT-tt, f^S^fil^f^^ 
«>icte x mKftWMKtt. 2xio- 6 AJ:0/|^<t5 20 

[0085] TFT^fct, mmmm<De&mA 

til Xl 0- 4 m 2 -efc«^5— feyH^LT, 5VGD« 
ESV sat 
F ^ 1 

F = P S XAXexp (- (T gon x log e 10/r) ) 

/ ( (C s +C LC ) X (E-Vsat ) ) 

hWiaiv*^^^ Ski-, F^l/2 

(5) 30 

FS2/3 

h7^h©|il,^^iJS$^ £P>t^ F^l/3 
(7) 

b&X'£Z 0 

[0 0 9 0] flfflELfcJ: 5(-, e«^*«r«-r««SS: 

S^V^Hfrfi: LTafflW*^-^-7imS&fiK>TF 
T^SS-rSr tic ±9, TFTCO#jA^-«g^{C@Bi- 

[0091] sfc, y- m^tmnnm^sm*®. 
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[0 0 8 2] Jfcsfc 

(1-1) 

s #1 X 1 0~ 3 C/ m 2 (1 0 0 nC/cm 2 ) S^(75i 
X 1 0- 2 A@gT'fo-5 o 

[0086] m^Tpm^-nmmnMmmi-i, mm-f^ 

Xb&mmtj:b'lZ.£<9&:lk2>1>K — J&S#Ji-t± 3 X 1 0 
- 10 ~5X l 0~ 8 m 2 XSb<0. SflSt-ttMLfcSSE^ 

nat-rat, ^s^v^^^a^^s* 

fi, 6 X 1 0~ 8 ~1 X 1 0- 5 At7i-5„ 

[0087] r<o<t5<-, &&ftm&&-rzwi£k&m^ 
tcm&m^mir<DTFT{cmxZ'<%m,ffim-£. tft 

lO^AiH'l^^. LfciSot, TFT©y-^- 
KW^|tlW«*t.51t«E«te:, 3 x i o~ 4 A (= 
Imax) £*)'bZ<-t 5:tT\ TFT05»*«*«:B5 

[0 0 8 8] aB^^iTaifofa^ h J> ^ 

*ttKSl6] **T,fcB8(f «Si:»lSl«fit 

(3 ') 

(3) tU 

[oo89] mmz.&&ftm&n-rzi&g,&Ji 
l , ^ r b Lr^fv- y 3 vji ?r*-r a tft 

(6) 

-i 9 x s&mm<n$m\z x z8mjjfax<Dm^<r> 

[0092] m^ttx-^-x-ymt&frox-* 
ymttm^tdmtK. Wi&ttmmbimmmc s \z 

'<;\s*<7>m8i-i¥miRb mm<D?4 * yn-er a t-r 
[0093] rco«t 5^^flmsg^fflv N -5r fc-e, 
#a„ rroni^*5v>T, e»^*j»t-6«#«je<o«t) 

[0094] y- hSW^MTgon romte, «fb«*c 

s 6 8 *5<£ 15C LC 5 6 T*(7?^(i*l-T L, ia(S]^T-(0® 



(1 1) 
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<hc LC 5 e^wm^^mM&<D^Q 1 it (3- 

1) -?&&tlZ 0 ffiU EfilEir^o 

Qi = (C s + C LC ) XE 

m^mm* \m&&*frtm~tz> r t \c x <o . c hx 5 

Q2 =P S X AX (1 -exp (- 
*Q 3 \X a (3-3) "C«£iX«o 

Q3 = (c s + c LC ) xv sat -f 

* (3) -$L<>&m&1bZ>a 
[0 0 9 8] F = P S XAXexp (- (T gon X log e 
1 0/t) ) / ( (C s 4-C lc ) X (E-V 

sat / / — 

1 

fW*M*J@B«\ TFT0>»i&*tB2j, Hb$lC a <D 
*%£t!:}£<DMm'<97<~-9 t LTtfr* U 
SP I CE^rfflV^TlH]8S->5=-L — v-s v^rffo/co 
[0 0 9 9] M$$mM&1%A$:2 X 1 O^cm 2 (2X1 20 
0- 8 m 2 ) t U P 5 lil~100n C/cm 2 (1X1 
0" 5 — 1 X 1 0~ 3 C/m 2 ) , C s liO— 2pF, C LC 
itO. 2—1 pF, C series li5~5 0pF©iift 

*Mffi£r3 0 — 4 0 V, PTttJDmGEE&O — 7 V, h 
ilftlSfflTgon £0. 5 — 6 4/* s £ LfCo TFTWf 

Chx^Ps XA/V sat . LC 



[0 0 9 5] 



*t&a->IJ 3VBI«)»^ (a) K:*ivvt\ 



tt, ft?t>r*?tf>*-a- (c) b mtm ^WiiiS: 

(b) n mriEL/cp s mm<»w& 

(c) c0 2/3J^T-C-fcSCi^J^Lfc o JbfE 

[0103] ^©-i:^^ *5i^HBB*»¥«K«-r? 
ft^a^»e>tl^fc*iC|i s TFTK»ft^H!)S# 40 

)g B B B ->-y it (3) ^fc-frt^. 

ft^n^Mfv'y 

SC (6) 4r«fctit^£a!T?Jb5C i e>tt 
[0 10 4] */c. 0 3 ltC^Lfc^ffilHlSSJ-, h 

[0105] W^f®ffi®SfA?r 2 x i o-W (2X1 
0" 8 m 2 ) i:U P s »il — 1 0 0nC/cm 2 (1X1 50 



(3-1) 

r e£rfflVvT\ it (3-2) 
[0 0 9 6] 

T g0 n /re)) (3-2) 

[0 0 9 7] 

P s XA (3-3) 

[oioo] rcoipftv-s.^i- — ->a >-\c£.z>mr& 

[0101) 03511 TFTroft^fi LT#M 

(a) «m a B v/!J3yiWi^& > (b) *5»if^ 
ii^i'R'Oi^^^iX^t. 0 3 4<7}3fffl!e] 

ii^^^co3m^T*ft^SS^ s #t.tu^fc*<op s 
»**«[(7>#pW*¥Sr % [Si (c) ^TfrTo ffi.U C LC li 

o. 5 P f, c se3ries ii lopF, ?— w^^mms. 

4 0 V, EP*n®!IEf±5 V % ^— hil#?B$PflT BOn 122 
1 m s i LTV^o *7t, £&fnSJ£V sat; SrStfjPLfc^ 
^l-i££Krt»a»-5SEV sat _Lc4Tl. 25VtU P s 
iCh^iti^it (4-4) <Dm&&$rot LTV^. 

[0 10 2] 

(3-4) 

0- s — 1 X l 0- 3 C/m 2 ) , C s {20 — 2pF. C LC 
(±0. 2— lpF, C serles {i5~5 0 p F<7?f5HT*S 

X®Kr30~40V, EfUnHH: E5rO~7V> ^— h 
iS^^T Bon §r0. 5~6 4/jstLt, TFT©f 

>r*-t\>mh LT(i#*s B a a ->y ^«fcii#iiv-y =■ 

[0 10 6] rcDi?*^? v^a^tCtS^f^ 
[0107] «-s§#H>y- h^l-ISl CAI-IKrmn Lfcm 

*isiic«!iiaa*-t?ft < 5 mn^y v 

5 7|c:»»*ttS««f»S6*si 0%EiTt^5*fr^ 
[0108] 03611 TFTOf+^IiLt#S 

c s ^o~2 pFic^-L-c. ElSJSii^fe^^^siv^ 
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-n (a) =»m<7>w&z, (b) # 

=>-^CD»^^^m*i-<, H3 4 

x<d. m^m^(o^m^mx'WdM.imhn,i>tz. 
tf>cop s <DMc*.m.<Dimm*:. m (<=) ic^t-o fab, 

C LC l±0. 5pF. C series t21 0 pF, ?— h^V^ 

gon Ii2 1 wmiLTV^ fiSfn®EEV sat ^ 

AD l,±Wr&!,mikl<zfrfr%WZ V sat _ LC £r 1 . 25Vi 
L, P s i:C hx tJ±HfFlB5»: (3-4) <73g8^Srj#ot b 

[0 109] rOv-Sa-W— ViCtS^lf^c^j*^ 

ft^*P#Mv'y3yl©t& (a) {c*5^r, 

s <7>*^;<i:w«Wf« (c) <t>, i/2tATT-fesr 
(b) is, ws&ms&zxzmffiom&i o%sxt tttz 
mkxm.nmm (c) i/3WTt?s>srt^j 

[0 110] rwrt^ S«SMS$)5i^Tt), 

(C s +C ce n) 
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y ^^mcDtBr&iatt (5) ^■r^^^ B %«-> 

[oiii] m 3 5*3 3 6 ic, 5£ ( 1 ) , 

it (1-1) fcSVMiiC (4) -T-PI5t£*b-5P s <Dfit£ 
#(WP^fc^7 7&s 03 7*5^0^3 8 fc-^tveivf; 
•To m<b<oig(c*5^-c, (d) fiiC (1) ^fc-TP 
s roft*ffi£. (e) liiC (l-l) ^Wc-TP s rofe 
/JMK«\ (f) liiS (4) Zffiti-tp s (Dm^m^ti 
•?tl*LTV^« *^^tDff*^l 0£*fceDi&ffi3^i£ 

en, mi<Dm&k, Hfjis^ 1 <7?«s-tic-7 h y ^ 
mmm t , stfjiEHitiimi® ^km £ n/t»jsi h7>-^? 

SI 2 <7>g« £ vf, 

tf:^fmm<7>-mm^t:c cell (f) , Buia^h^ 
> v'x ^ co sis® t rnmmmmm t <nm co&tmm 
<D-mmft*c 8S (f) , mjs5«ifj^*c7)-iii^^^c 
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V 



(F) , 
■ (v) 



5 X C gs X A V g 

[0112] *«w#e>*s. a38#*3:*p*-*f&&»« 

7^f (HP4 19 2A, Hewlett Packa 
rd) SrfflV^TaiJ3£Lfctr^ 0 3 9 t^-fj; 5 i-> 



m^m^mamj±^v sax (v) t 



(8) 



4V, 



: C BS x iv g 



V^T^t=tL7to fffiB*l*tLT15 "XGA ( 768X10 
24) &«3£U ^»gSr^iiJ$rc>3ffiF<7>Ke*^« 
^Lfct-r-St, l° Wflc-*(SlT*4 oil 



11, i^coigv^i^^cos:te^J;'5* : -^-efe-5i:#x. 
30 bti-'So 

[0113] r©jfif*a>e>4#5>*bfcrt^f«>jSv»W45-<o« 
[0 114] Lfciiot, ?^#&ttm)E(±, i^ffi^r 

*»e>*4-a'^»fic ce i 1 t. y- h • jB^s^w^fe 

40 y-htfiE8AV B frb. ^it (8-1) coipt-*^ 
[0 115] 

/ (C s +C cell ) (8-1) 

[0116] ^cD^izLU—f%m^^xm7F&tiz>ffi{£i 

[0 117] roffwaia***^, ±E«>*«=-Ctt, AV 

50 P /V sat ^0. 2 0z)5Sf4L^r i^fe^oTto 
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[0 118] LWoT, S»»«S:*rr-5«*S:fflV^ 

fc*KS«ay6«fci3v^-c, sc (8) «ns**arfcic 

[0 119] 

fflv^rt^tr^So io 
[0120] l 

ant *»»^j«^t^i ©saw^iw^ 

^ES:^i-|a"C& t) . 01 (a) 14¥®0. 01 (b) i4 
»»T^5 0 £fc. 0 2*4. r(Olftft«*iS«(D*l 
^^OiB*»Sr«*Lr*tia-e*>0. 0 2 (a) 14 
¥®0, 0 2 (b) 140 2 (a) tefclt4A-A' KfS 

[0121] tf7xtet*frhtez>mi<Dmfci(o±.K^ 

A 1 -^A 1 - A 1 -N d-g^. Mo - 

2i:iB3rt"*J:5lcJB«S*U Al^Al-Y^ A 

[0122] lt, h« 2 tm^4<D&£mm 

6* y-h^2, ht8ffi2a*5«fcU«8bS?«»3<0 
±{C % S i0 2 ^Ta 2 0 5 «a*fcfc&y-h»W«6 30 
tmOt^tUX^. ^-hS^2 a£S5£5l-T^/U 

Z>o 3 Lj r*A>m7(D±\z^ S i N x d^feft*^^^^ 

7 j e/K7r*v'y 3^^453^^ hJi9 a, 9 b 
fcSW**LTl^* 0 *fc* Hi9 a. 9 b tf)_h 

M x y-^til 0 afci^KWyBffil 0 bJ&^ft 
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tlX^Zo £h\Z. y—^mMl 0 aMf4. I TO (I 
ndium Tin Oxide) #i?0>a9!S»Ra> 

rannsi i ktomxffihmmi 2tmm£tix^&. 
fRiJKi 3 a ^it^nri/^o 

[0123]*1 <Dm®. 1 J-*ffa LTEB^fc. 

(CF) Si Sir. ICOCFil 5_kiC I TOftiT 

&2EfflKl 3 b^!9:tt?>nTV>-5 0 Its 
« 1 KKtt ^^^-f s^V^JIFF 5 *5 itWSm® 1 

it, m2<Dmfci 4\cm*fbtitz.&mmMi e tern 

id. 3»R«i*«i&FLC* S^IIWp^AFLC, d 
HF, TFLCtt£\ HW^*fctt«»S:R3*Pi"S-t 

Tv>a G *fc, r^e>»l*5<fctJ^2toSffii. 14^) 
^Sf- % fliJfcR 18a, 18b &*tl?tl1£&£tlX^ 
Z>o fc*5. H*. f?#l 9 {4. MStf- OSfcR'*— 

/U) £ N 2 0iiM»WM^^*5v^;^l«r* 

[0 12 4] Sfcld, HR2*U:0^*4J±, * 

tifny- bm K^-r^-2 i . «-5§#i K^-r^-2 2 
[0125] *^}cs^<^^a^ h 



*ife<tu 5 *2^^r 0 

[0126] 
[*1] 
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rrt, 2<nm&b LTfi, o. 4, o. 

8, 1. 2, 2. 0 (pF) 1:1^ 7£*5, mitt, 

it (i) co^^ffij£-rs?s B Q a ^«^-}cov^rrox- 

3*212, ittS<D7t*, 5t (1) W^&^JEL^V^ 40 

[0127] BfjifCDlM Xt± 100«in X300mf 
fc <J , -H^5>Wiif*Sffi<OB»AlS 1 . 8 X 1 O " 8 m 
2 -e$>-5„ ;y:/{±, H^2mdi <Dmyt;<~ /H 

9^Se(S]^l 3 bcoi^f^-fSrtJ-.fc'y, 2 M m^ 
f£££*v0>-5 0 iffi«mffii l ir^iiUSi 6 i 

i: LTIi, f"-^yfi|l(roL I XON CS200 5, n 
-^ftt^F L C 9 8 O 7 # f£fflVVt 0 
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[0192] y— h^m^&mnlrzmMx&z y 

A^fflTframe 1* 6 7 X 1 0" 2 S (l/6 0») 

30 XfrZo hS^^T gon0 ^3. 4XlO" 5 s (3 

Sr. 2. 0 X 1 0- 5 s (20ms). f£¥^T eon & 
1. 4X10" 5 s (14ms) irLfco 
[0 19 3] f§^^»P£;h,<5SBEJ3:. T r (OfflF^fi 



40 



50 



S:+3 0V. V goff Sr-10V, V sig _ c $r5V, V 
con, £5V. «#»^ai*o^ttS«EEcolgi|SS:5 V, M 

Mt^B»ca^fena*bWiBEEtt5vi:fta 0 

ftS^Ii ^V^bft^^-V^Jg^Sijffit^ 1 0 0cm 2 
/ (V • s) "C&ofco 
[0194] ±1B«^^fl5f B ^36H^*5V^T. « B H H |t 

o. 5 pf, m&m^m^t&famjzv ^2. 5 

[0 1 9 5] JilEOttSrS; (3) CftAt^riCi 
0. «*««S:#a*:ai>ia^ i*^«P s 1113. 9 



(2 1 

. 39 

n c/cm 2 UTX-ibZ&mt&Z) r t tffrfrZo 

w\ -hiacoft^ (s) w-txr^r t^.t k>, 

m-T~fo%tcMa^ S^ffiP s fi6. 9nC/cm 2 

[0196] ^<D&mzm^^T, sw^mmtezm 
^6nc/cm 2 <Dm£hwn&m\<^xmw)*:ftt£'ofcb r 

»ibftfc 0 — P s ASl On C/cm 2 CO^W^ffl 
v^TB»S:fT*o*:tr%. JSiaiiIRj&*<biS< * SE^S 10 

:?y Brtt^-H4^ftv^«*tt#e>n* 

3&*ofc 0 Sfefc. P s ^2 0nC/cm 2 

[0 19 7] HJE098 
H 1 4 id, 8 <P^0!lt^£»AX^B«> 

a^f/S^r^t-o Jglco|fi«(Oii0(SfflSrltetLfc 20 

Si 5 i^i~ 0 

[0 19 8] #9*fc^;d^fcSMlco^l<7>±tc, 

J»3*5J:t5y-feiy H»3 8ttia— »OBdE£*U A 1 
A 1 - A 1 - Nd^, Mo -W^&?j;k*CD& 

[0199] h>» 2 t 4 ©SLiUEcW-tt, T 30 

y-h*2tss»*ftT^« 0 «#»a*ffl^2/ 

MifcfrLT, {B^SU^tM TO*t*(7)S 

tii3o t^jBc^ft. sssoffi 1 1 £ ^rat^ffi*^* 

ft. MMBtty -fey H»3 8MgSgS£ftT^ 

^s®i i(D±{c N /Ky>r * mntt^»fett&BM)l 

[0 2 0 0] SstRlSRtt, *7<Ojafi«tra*|c««$ 
[0 2 0 1 ] Sfcte, y~H&2. yt^h«38^i; 
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[0202] Thy^ ^^^ffi^^fi, ^[^CD{f-^ 
^4^6 4 0X 3 (RGB) StfrlS]^— MS2S: 
4 8 0*iU BWfTS^— hj»2(OEflrafflSr3 0 0 
Mm, fI-^4(Diae^Srl 0 0 /zm t Lfc 0 rcoflf 
J&Tfcfc. i®*mffil 1 0>®ffAtt. «J2X1 o~ 10 m 2 

[020 3] r <D£ 5 fc*ift<O*a**a6«0>^— 
2, y-fe^ Mft3 8*5<ttfft^4(Cl*fU 0161:^ 
-fnj&KB&mU bfco 4*5. 016 fCloV NT. ( a ) 

hj»^pp*pi-s«ESr. (b) tty-t^nfttai 

ttrr3®±£. (c) ^fs^{cR]^^SEES:^:ft j e 
ft^i~ 0 

[0 204] h«If^Wt6)iiT^^ ^ 

AJg^T frame fi. 1. 6 7X1 0-2 s (1/6 OS?) 
T*>£ 0 KSR^PflT B on ^3. 4 X 1 0" 5 s (3 
4 M s) Tfc«9, yirix hiS^^WTr (2T gon <7>5f» 
(Dl. 7Xi0" 4 s (170ms) tU yir^hSW 

[0 20 5] iB*«ffi^#3i*ft5«EEtt, T r Offim 

tt»iP]«ffi«(£v coin &«Lv>ttib8fleirafiL t 

T r (OJHIWTJiJRu^/i^eoy-fer/ h^ff^ft 
5o y-h^SfffiV gon J:+3 0V, V goff $:- 
1 0V N V sig _ c Sr5V s V coni ^5V. {H^^JP 

^ft^siEcoM*i^5 v, ffi&mm&o. 5 P Fa 
fco rco#^ N E^®ffit>*rp]®£t^raf-Jn^-?>ft^ 

■r^yi-Sco^iba^ 1 0 0cm 2 / (V • s) Tfco 
[0 206] _bffiffi/ScD^ B B B ^^B^^V>T, WL3M 
0. 5pF, «iS^l^?PS±V sat Ii2. 5 

[ 0 2 0 7 ] _h!E<7}{ji£S; (3) W-tX-r^Ct^cfc 

r>, m*Mm&&ztci£>\aL a*»«p» ni6. 2 

nC/cm 2 £JLTTft>SiK*^a>«r£^to^4 o ^^(c: 
f±. ±IE(?5ffiS:S: (5) t^iXATZ^b^X*). 
ftS-t?*4*i»fctt, i«»«P s (28. InC/cm 2 

[0208] r. <D&mzm^x, iff5M»4i4ett 



• 41 . 

a* 6 n cyan 2 (ow^^m^xmm^n^it. t r 5, 

tt/Co — P s #1 OnC/cm 2 CDffiifitmSrJB^T 
[0 2 0 9] 2IJ6#J9 

-So 

[0210] -<D£? tm^^-t^m^m^mm^n 

[0211]-7h y «*[6]W«# 
^6 4 0X3 (RGB) $C6ffatf>y— h^^4 8 
0*£: U PghT3^- h*iW«BJSJ(liS:3 0 0 urn , 

[0212] rcoj: ?tm&<omgum^mw.<D'f- vm 
fee **5. 0i7(c^o^r. (a) n^—hmicmn-t 

Z>W±&. (b) (Hf^lcTOt^SI^^tvf^ 
[0213] h\cm^^-r^mMx-i>^yu- 

J±mmT f rame tt. 1- 6 7 X 1 0~ 2 S (l/6 0») 

T'fot). hilR«FraT g0 n ^3. 4X10~ 5 s (3 

y</^mmnv son ^+30V, V goff £- 1 0 V s V 
sig-c £5V, V com £r5V, ft ^M-ffr&D £ flZ MEE 
^«BS:5V, JfteftSSSrO. 5pFilt 0 r^if 

Shffittl 0 0cm 2 / (V • s) T*fcotf: 0 

[0214] ±BB«^co^i^a^3£fi^*5v^T. M« 

0. 5pF, j^ffi^Sf^fiSfaWEEVsa* J* 2. 5 

[0 2 15] ±fEcoffi£5£ (3) IcftVTSrifciJ: 
9. *t*#tt&»Sfc*fc:tt, e*#«P« Iil6. 2 
nC/cm 2 EilT^fe^M^fc^rt^W^o 
tt, ±ie^{fi^ (5) iciXAirZ-b^J:*). «*3fls 

^-tfc^t^ldll §^SP S Ii8. lnC/cm 2 
[0 2 16] rcO«*^Jfi<5V>T, 
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^3nC/cm 2 (^^SrfflV^^tt&fT^ofctr^, 
jftfco — # % P s ^2 0iiC/cdi 2 OffiiB^Srffllvr 

[0217] gU£0!l 1 0 

* l o coHJfifl»|(7>Jftfi«*3Satt. 13 1 ( a ) *5 £150 
10 1 (b) l^tWfflMLTV^o C<7}^JS 

[0 2 18] ^f9^*if^&ft-5*lt^StEl(0±^ 

J$£ftTl^£ 0 MR3 1 tlS)§i«3 2ttH— S 
t L-CJKfifc**^ Al^Al - Al-Nd^ 

- h^2 ^fi^-r^ctpi-^^n, ai^ai-y^ 

20 [0219] y-hl2 i«-fHft 4 05S-*CiS»fctt. T 

ffii i£^iR£ftTv^o ffisfrgfi^ 3 ii. ^Jg^fcte 

30 refill 3 atfSRttkftTV^o 

[0 2 2 01 ^1 C0»£ 1 t-*B*tft LTE«**l,fc. # 
9*#2fa*ib#£»2co£tRl 4<D±^fi. CFI15 
rtOCFll 5±le:i TOftif^SH^SR^&ft 

z&mmm 1 6 awt t>n. * 1 e 

^y -y s K«ws*if3a*feft«ErS]JRi 3 b&mfbtix 

v>-5 0 iryu^r^i/^^ iS@2 mdi W*R^-;H 9§: 

gar^i^ 1 3 b cohi^rr ^ 2 M m {-^s 
^^rv^^o ^lt, ^ i <Dmt& i i-ts:^ ^n^^^r v 
^ym^s&xvmmmmi 1 f 2^1 4^ 

40 K*t&tbfc*ffl»ffil 6i(OW^ «L#V^K»»«t 
^S«l> 1 4C0^HIC, fi3t«l 8 a. 18b« 
[0 2 2 1] Zhl^ HJ»2fcJ;tf«*»4tt. * 

ix-etuy— hj»K7>r ^-21, §tiK7>f^2 2 

[0 2 2 2] vhy^ ^«<0E»(O»c«:. ^fitfMf^ 
50 j»4S:6 4 0X3 (R GB) «*f6]C0y— h« 2 S: 
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m^M4(Dmmmm& i o o t Lfc Q r 

[0223] r co<t 5 fcWi&toiKgiR^a^y-- H«6 

T f]rame tt, 1. 6 7X1 0- 2 s (1/6 0&) T'fc 
3o y-h^^T gon0 fi3. 4X10" 5 s (3 4m 
s) Tf*0, -?:co5*>fiff*^>y-fe^ hWWSWJTV £ 10 
2. OXlO~ 5 s (20^s) , ^<OT gon Sri. 4 
XlO" 5 s (14ms) k Lfdo 

[0 2 2 4] fg-JfflMdSttn £ tl% ®£Jt T r ^JHRHi 

^s«sffiv com . T gon (omm^^^Mcttfo 

/u~.(D y ir b t^ft>tl^o ?~ h'*^* WEiiV gon 
V goff ^r-10V, V sig -c4:5V N V 

com ^sv, mjm\c$}im£tiz>mm<Dfflm&5v^ m 

®v-y 3>36^ft5^^r^/UJico««hSf±, 0. 6cm 
2 / (V - s) r^foofc. 
[0 2 2 5] ±tB«^<0«*«*3S«^*5V^*r. 1&&$t 

0. 5pF, ars^iSttcofi&ftWEVsat ^2. 5 

*rafrBWWUtt. ^J^O. 3mst*ofc, 

[0 2 2 6] JifeaHeSrS; (6) i^fUt^rtlci: 

9. ft*«ffiS:#afc*^tti5S^ffiPs fi9. 2nC 
/cm 2 OTT^6^fc^)Ct^^o ££>lCii. 30 

JiiecoffiSrit (7) (c«;A-r6r 

"CfoSfcWcii, a55^ffip s tt4. enC/rftiiT 

[0227] -co^^c:s<5^t. 

4nC/cm 2 (OjRS^Srffl^^TIBSbSrfT&ofci: r 
Wfcftfco P s ^GnC/cm 2 <7>«1*SrfflV>rJE 

V ^SB^Tf ttJfcfc««3iS» btufc fc AND. y 3X 40 

tfi 0 P s ^2 0nC/cDi 2 (D^^^fflV^T 

[0228] mmrn 1 1 

mi i <D$ffim(?>msat7mmtt, mi 9\^~tm&m 

[0 2 2 9] ^7^4W^Sl^SKl^ 50 
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H»2. *g#J^fi*|3, ytyhS38, fl'^U 

»3*5<tt5y-fe5/ h&3 8«h— Ji-«f&*£*u Al^ 

Al-Y^l Al-Nd^i, Mo-W^M^4 

ffti4ft y~h^2t@:£-r3 £5>i- 

Al^Al-Y^, A 1 -Nd^M^ 

[0230] y— h^2 tm^-m4<D^^ma^ r 

^ftSBIWil l tS^£*vO>3 0 ffi#)S*&3 

hffl^^^^->^«T*3 9cO^-v^yuS^ B e H KS ijg£ 
hJiSr^bT. Mglb«fi^3 asitJ 5 

hj*®@i i i^**va^So £*>^ Eitii i 

[0 2 3 1] »rp]»Ktt, *7(oH««i:ra«fcfl!*$ 

[0232] h»2, y-try h^3 8, m 

*»4tt. ^m^KSK7^/<"2K Jtyh 
IK7^^4 0, «-E*K5W><— 2 2 4af(7?fliaiB 

[0233] ^hy^ ^tt<z«|»(0»:tt. ^r^ico{f^- 

14^:64 0X3 (RGB) * % «*f^]^y— h^2^r 

4 8o*tu mm-fz?-hm2<Dmmmm&3oo 

Mm. ff^4 COBEBSSBS: 1 0 0 Mm h Lfc Q C c^ti 
^g-Ctt, ilJ^m^l 1 <DmmA\^ »2X1 0" 10 m 2 

[0 2 34] r ^ <fc 5 *«5S^»fi«*iS«co^— 

2. y-fe^x h^3 8*5 < ttW8-^*4fcatU 01 

tsEW^0Lfc o ?-b\z.m^*mvrtz>mmx* 

fc57U-^fflT fraBe It 1. 6 7X10" 2 s (1 
/6 0f» T-fc^o y-haW?«ffllT 8<m It 3. 4X 
10" 5 s (34^s) tfcO, y-fey hiltRB*[HT 
r (t T g on CD5f&(7>l. 7X10" 4 s (170/is) 

t u y -t y hswwsiwtty- bmmm<Dwm\z.$iz> 

[0 2 3 5] BS*«ffi|ci»ii*^a«Ett. T r COffl^ 

gon ^ffl^iiS* u-</K^*f/$: bfcSii^Srfi 1 * 5 

T r (DMmx~lZmi"</i"^<DV't*y bftftt>tl 
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3o h^^^SJEEJiTgonSr-f 30V, V goff 
10V X V sig ^c ^5V, V com SrSV. ft -^SMcEMJP 
^tt^mjEC9^i)«I^5V, ffte#£*£0. 5pFa 

\^M<D^mm^ 0. 6cm 2 / (V- s) -e&o 
[0 2 3 6] ±f&f«^CO^ 0 B 0 ^K@^V>T. 

[0 2 3 7] _kfEtD{fi£5£ (6) £ic£ 

nC/cm 2 KTt*S£Wfc^:i^>5o £ 
Ji, ±iecoffi^ (7) ic^i-^^ir^ct ^> 
i%-T-&Ztc#>ia^ S3g#ffiP s 1*5. 4nC/cm 2 

[0 2 3 8] ^CO^*t-SoV^T, g^#ffi3W<£3*i£ 

5nC/cm 2 <7)*ffi-£ffl V^TffiSlSrff^o*: £ r. 5, §r 

fc. — P s ^10n C/cm 2 OWH-SrfflV^TJBllS: 

ff*ofctr^>, «asEiK^e>iB<, mmcom^^^x 

it. P s #1 5 n C/cm 2 CO^S:fflV>TffiSb^*o 

[02 39] mtfo&l 1 2 
m&ffl 1 2 fc«*tt^^«<D«/*tt. 1 0 t 

mzx$>z><nx\ mm<D®m\*mmirz>o 

[0240] Z<D£ 5 ^*^§r^6iK 0 B H ^^@{C*f 

»6 4 0X3 (RGB) S^y-hi?r4 8 
0*fcU BWrt"5y— M»^E«ffl»IS:3 0 0 M m % 

Hl^mffi^HWAil, »2X1 0" 10 m 2 ifcSo 
[0 2 4 2] w^i5^*^^ 0 B a ^^®coy-K^ 



: s (1/6 OS?) "e*>9, 
2X10~ 5 s (32ms) 



framed 1- 6 7 X 1 0 " ! 

EEilV 

gon 3 0 V, Vgoff^T 1 0 V, V S i g _ c 

£5V. V com ft^fC^P^ttS^BE^iH 
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£5V, C s S*£0. 5pF^ Lfc 0 ^<DW&. MM 
mm bMfamMk<Dm l-An * £ ft*BK E li 5 v £ 

0. 6cm 2 / (V • s) T&ofco 
[0 24 3] ±|Efl!^(^»S^36Bt-*3V^T^ »pW 

f B ^j£gl$BTtt, *5<t^0. 3msT*feo/c 0 
10 [0 24 4] JifEOfttSrS; (6) IcftA^ 3 r. t fc X 
0. ft*»SSr#Sfc«>^tt % S^ffiP s 111 0. 8 
n C/cm 2 £JtT-?*«#*aSfc« ri^^ 0 $ P>lC 
tt, ±E^«Sra: (7) fcftA-rsrirJci!?, 

T*&5^«)^tt, S*^ffiP s tt5. 4nC/cm 2 

[0245] z<D&Mk\z£rf^x. smftm&mtzzwi 
^un^m^xm^m^mm<Dmm^rf^tc Q p s a* 

3 n C/cm 2 (7)^p B H W^fflv^TlKi!j^fT^:oyc t ^ 
20 «?>ixfco — P s ^2 0 n C/cm 2 cDWSrffi^T 

[0 246] mm 1 3 

ejiT^-Tctp^LT, 01 (b) K^-rmwrnm:^ 

StRlt, CFJil 5*5<t^I TO^if(OSW»S^> 
30 &*4*a»Bl 6«Jtl/cl2^)Sffil 4 ircort 

WJU ^^h^u-h^fflv^gott^^ ^^t-N 

2 ^^1 8 0^3 O^^V^LT, IKlf: 

3 5nm(7>7Ky>r ^ K^feftaElftRl 3 a, 13bH 

[0 2 4 7] ^V>T\ JSl<0»Kld3<taW2C0SRl 

4 Sri 0 orj^D^L^ib, EfnllRl 3 a, 1 3 b \C 

v \?>-y%m&i&Ltc 0 z<D9^^f^mcxr). tf 

[0 24 8] ^ 1 1 _hlcx^— (3* 

t£;<— /U) 1 9$rm*b7to *fcs f2©Sffil 

»J 2 0 Sreg-ffc: ^-Brfc^, 16 0 'CT- 1 ^MAnf^ bTiryu 

tt, aAD^SSKStttfll 7f$>5MLC-0 0 
50 4 9 {EmV$m SraALfc«> aAPJrx^v« 
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(Dftm^ "ttl^frUWfo 18a. 18b ^r^^mftS 

^lt, nisi o^^com&m^mw&mftisti* 

HZ, yU—M.mMTframe 1. 6 7 X 1 0 " 2 S (l 

6 . 7ms) , m%#&&m 3 8 m s i I, :7 j> r 

[02 50] VtJ&M 1 
ga^co^^rl OOnmt-r^rt^J:^. ifor H <7>i!3§ 

^«i-siar ^ i KftBI^ Jtf>> *b ft 3 C 
#Jl 3 i^{^®jLT^p p r^z:SrWffibfCo 

[0251] masm 1 4 

isa^ i^ffiicfiia-r^^s t mm ft <n$MSfrb & 

^lC cen ^i^/^i:, gfifp3JiI<7>j^£3 2nmi: 
SMPLfco tit, 7i/-AJIt 

^6 0 Hz, 7 1/-AJIiT frame 1. 6 7X10' 2 s 
(16. 7ms) , S£ji*B*IBl3 8/* s <h U 7 1'— 

Art icPnjpsE£o®tt^ste~r^ ? ^^sw* 

[0 2 5 2] ttiBffl2 

[02 53] XJfcftl 1 5 
KTfc*rJ-J:5fcl/C 01 (b) »c**1»ffiflfi6Sr^r 

**w*»k 1 1 sfl^ h if * xmzMi&ztiitm i cos 
mt. cfii 5*5ctwi To*i?coawsi«Bt*>e> 

U *y h^U— hS:fflV^8 0X:X3^ $?>»CN 2 
^—^^T*2 2 0tt3 0^-^Lt, ^2 
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5nmCD7Ky-< * K**e> * SEGUE 1 3 a N 1 3 b Sr-tix 

[0254] &^t\ mi<omfa&£x*m2<Dm&&8 

o'Ciztim^te&h, Ef&]IRl3a, 13bJC^tfV^ 
«fcSaSS»#-efc. #y-<S KErfilB&OiEff, El6tf*+ 

[0 2 5 5] » 1 (DSS_h^^-<-^^ 

;u) 1 9£f5tff?Lfc 0 »2(OSR^fflSB 
10 fc. ^«Wffc«JIB3&^** '>-^J 2 0 £«J L/c 0 
^LT. rco e fc5^icoSffii:M2(DStgS:>*r^Lr 
ESU JnjE^T^^Srfi8«bTv— ^J2 0 Sr« 
ft £i*rfc&. 1 6 OtT' 1 BSf^Offfc LT-i?A-S:J12j£ L 

a*&R3WRw*«A 1 7 tmmlc- 0 0 6 8 (h# 

«3tt6l8a, 18bH£f LT, ^12^VfW« 

20 [0 2 56] n (D^m^WZ. 7 l ^«*6 0 

H z , 7 I'— AjaSHTfir*™ 1- 67X10" 2 s (1 
6. 7ms),|Jii*Ni38MJ:U 71/-^ 

[025 7] Jttfcfifl 3 

30 [0 2 5 8] SUfi^l 3-1 5*J:tJ 5 Jt)ttWl'--3-e» 
fi. V^tbt«ffi2 0 0 0 c d/m 2 <D'<y?9^ hT 

[0 2 5 9] 
«6] 
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5 x C xAV 

SB £ 


(C + C lt ) xV . 
b cell sat 








(pC) 


(pC) 








4.0 


4. 4—20 




nil ttH* 


1 tt 1 1 Mil 1 J 


4.0 


6. 0 — 20 








4 0 


4, 8—36 






it«f1 1 


4.0 


3. 0 






JfcRW 2 


4.0 


3.0-17 






iwsw 3 


8.0 


4. 8-36 







(8) {cjotts^ia^ii^oi^ia^i^^LTv^ 

So HJ£#Jl 3~1 5co^ B B H *^att, it (8) 

*»M©3llt«»cfilb«fc(o-ca>4. — it 
t^Jiotw-eii, it (8) Lfc/£'?a:fcfcv\ > 

[0 2 6 0] *6{C^Lfc*)f>o#wWffiM**>ib. II 
1 3 ~ 1 5 <Di&fI*;^ggl;±, tfcig^J 1 ~ 3 <D t CD 

[026 1] 

[0 2 6 2] e«*^W>li«ASS<» &M*W& 

[iaE»«5*^iftW] 

fifofe*U (a) i*JpSI2, (b) ii^fSEo 

[@2iii <ommM<Dm i *>aafi©iH**53:t£* lt 

*U (a) ii¥S0^ (b) 11 (a) i^t+SA- 

A' $rB0 o 

[03] $3£ftm&mTZWig&miZmi<-<tcTFT-L 

[@5] *%m<n$%2<7>mmm<ntgi<Dmm<nm&zti: 

*LT*U (a) i4¥B0. (b) (± (a) (C*3ltS 

b-b' mmm* 



JS&^U (a) ii*PB0. (b) »4»rB0„ 
[07] *3<o*lfe«ro|f5i«>»K<75Hitf»Srifc*:L-C 
*U (a) te*FB0, (b) 14 (a) M£>lt5C- 
C ®rB0. 

20 [08] n3<r>msmtets^x. mttmnupwizm 
[0 9i %3<D$m.mz&^x. m vf-isrmtt* 
[0io] *wncom&m^mw<7>m4<nm&m<o®m 

Wfi£§r^i" I P®0„ 
JEi£JK&*-r0o 

[012] ^^co^B^SSro^ 7 CO^J£-fi?i)(7?^ 1 

30 [013] 17 K>HJfe^(ci3»t SaEfiaf^Sl^tOJBiMt 
/±&J^?r^:-r0o 

[014] *5E0^^ B a a ^^gco^ 8 comM&kDim 
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